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| ntroduction

® Why to measure the radiation field:
» Predict accurately the lifetime of the present silicon tracker,
» Correlate with beam parameters,
> Refine modelsfor run-l1b at Tevatron and for the future colliders.

® How do we measure radiation:
» Beam shower counters (scintillators)
» Beam Loss Monitor (ionization chambers)
» Thermo Luminescence Dosimeters
» Silicon diodes
» Current increasein the silicon tracker.
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The CDF Tracker o

CDF general structure 20 ] n=ro ey

e Silicon vertex Layer (Layer-00) ] ‘ = :
single-sided silicon strips. 6 z-segments, 12 wedges i /. ; B

e Silicon Vertex Detector (SVX) i cor) 1220
double-sided silicon strips: - '/'/ B 1=3.0
6 z-segments, 12 wedges, 5 layers/wedge . :_«-L_?\:-——--— . il 30

e Intermediate Silicon Layers (ISL) y 'w_; 20 som
double-sided silicon StripS LAYER 00 SVvX 1l INTERMEDIATE SILICON LAYERS

® Central Outer Chamber (COT)

e Solenoid

e Calorimeter

® Muon Drift Chambers

Silicon tracker:
722500 strips, 5644 chips, 5.8 m? of silicon
in a 35-liters volume (£56 cm ™~ 2m)
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Method 1: TLDs oo

® Thermo Luminescence Dosimeters ) g
(same as used in personal badges) %:::1 i %u; R

e + Industry standard Tk Tal 5

e + Large dynamic range up to 200 kRad o1 “E .

® + Passive (noin situ readout or power needed) ' e Eg —
. . . ! o Wou E&d} ! 1 Prlé?ﬂld‘lgou :End}

® - Requires harvesting and handling

e® + Extremely good accuracy after ™

calibration (1 Rad exposure 13Cs):

> 1% reproducibility - |~
> Non linearity was measured e o
> Chip to chip variation: 3% —e—e—

200 __\\

2 types of dosimeters used:

g .sendtive and g,n senditive. 3 chips per type g |
per holder, 145 holders placed in the tracking W e e e pe e

z (cm}

volume.
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Method 2: Silicon current o
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@ Afterirradiation, silicon “reverse” current is SVX half—ladder
typically dominated by defect-induced Hybrid (BeO) . Silicon Sensor
generation current. Very well studied volume T Chip | ~ |
effect: |

DI(T) =a(T)F Vol
a = damage constant
F =Fluence (integrated flux)

® a does not depend on Silicon material and
dopant: weusea =3.0" 107 Acmat 20 C.

e ~> If generation current dominates the
Increase of current in silicon detectors can be
used as a dosimeter. .

Position (cm)
» Dynamical range: 10%° to 10*cm
» Continuous reading, no handling

» Readout and recording in detector controls: Temperature is not uniform in SVX ladders
readout every 10 s.

> Sensitivity: we have 10 nA resolution on CPIalece;lee linear terr;%eéature mode! is needed to
4 out of 8 layers(L-00, SVX LO, L1and L3) culate current at :

-
- — ———— -

Temperature (C)

> Fillsthe entiretracking volume (no Layer-00 ismore rel'ablebecauseeleCtron_'CS'S_
extrapolation) separated from sensor, so the temperature is uniform.
> Main difficulty: temperature and other Also, L-00 is single-sided strip detector

systematic effects
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Method 2: Silicon current chon

® Measure the temperature and the

current P |
] g 127 ——————— e ———————— P
® Apply the temperature corrections E.of  sawoo B
® Average currents per “beam store” on sl | N N N Y .
each detector element. Find the o . ’ . —
correspondent delivered luminosity o e T — 3 B S
® Perform linear fit 2 T, :
. . 0 L. ’ g - 4 | + * -
® Clean-up fromladderswith dubious 200 250 300 350 400 450 500, 550
behaviour and “ stores” with known o Cperare athe SYXX cooling channe
anomalies s | e T
. . 16 ¥ i f i
e Dataanalysis(Fluencevs.|, z, R) 5 il g |
i, !
T 12 ; 4
8 [% .o O o
o
6 3% + *
Note: Temperature was recently decreased 4 , , , , ' ,* ’ *,
to noml nal Operatl ng temp (_6 C) 0 10 20 30 40 50 60 70 80 90 100

Time (days from 01/01/2002)
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From currents to fluence

CrLASLFLNY

® Linear fit of current vs. integrated t
luminosity, for each detector element.

® Slopeisproportiona to the fluence rate%z
o
S
O

(particles/cm?/pb-l):
Fluence Rate = slope / (a$Volume) G b
® Plot the fluencerate vs polar angle | : = =
effects due to off-centre beam. d; 1
o5 [_SVXLayer-0 z-segment2 | “ y i
o+t o
T
o2~ —}- Biaa

10
Phi wedge number

Integrated Luminosity
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Results: Silicon Currents “cudow
® Plotfluencevsj , fit with sinusoidal.
® Amplitude - distance beam - axis
® Phase - beam position 7 P a
e Offset-> average fluence 92 ‘ 9:
2l . Amplitude | Offset | c2 | dof | ¢
(rad) (cm?pb?l) | (cmZpbY To S - o b 4 :
0 | 1.73t016 |084:012 |[175:006 | 19| 3 | 3¢ 7| 5 5t
1| 2094003 |092+007 |208+006 | 71| 4 E z 9 Z
2 | 2064003 [092+006 |[218+005 | 22| 5 ? : - ? :
3 | 1694002 |[1.00+005 |[235+003 | 38| 5 e : e ° T
4 | 177+004 |073+005 |217+003 | 190| 5 | Z z ] :EL: s
5 | 1914006 |[042+005 |[194+003 | 19| 5 g ; % ;
g ! =

Tracking finds: j ,= 1.813, Displacement = 3.1 mm "o { : y L Egl ; ] .
Silicon currents: | , = 1.88, Displacement = 4.8 mm
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Current M easurements: -..;;
z-dependence creon

o Z_dependence pma:mmmurml.awuﬂ-m [Current ncrease rate Layer DBHT |

= nzl ] i
. F Rerv= 11 F Hent=10
" F = 1B Mear = [ 2553
SV X: use| -averaged fluence value per A e o |
- 1af
z-segment and RM S as error.
15[ iy
® L-00 usefit parameters. i
. Mf_ 0.4;—
® Overal agreement with TLD - H HH
t det | t b d o d LECORC AR e RO R LR R e T TR SRR
measurements alS 10 be unaderstoo :
)
Eurant merease rate Layer 0 512 | Current increase rate Layer 0 EHS |
i Nent=1 L o
2.3 T T T T T r T 18 Mean = 0150 F Muan =020
= Layerd ] ”f_ TR zE =
'g' =8 | Laye r-1 ] 1l -
'?'E- 24| A Layera E o 1i: T
= ¥ Layerdo T F
o 22 I E - nef F
S anl } i o 13
= i o4 nsf
@ g - nzE g
= ;'\-uln P Pl A PR DT ETR T AT R TE FRR TN P TR ;-u PENETH | FTRE I |ETER EYRTIRTRTH INRTH PR
S il I _1_ i T S L I BB A e rim puAph] |
U
ok I 1 I o e fCun et increage rate Layer 0 BHY | [Current inernase rate Loyer 0 BHY
1.2 I J— J_ E ";_ Iﬁt-n b '::snl-u
asf i E Weon = 09977
10 | T i E LI J: Ll 23 ANE =045
—_— El = o
08 L I —.l— 4 & . s i
J_ IR 2 E E
oG b w _ H e
13 L
o4 Y - E 't
I = = & H
-i0 20 i 20 {0 TR TR “I“"F:'me"rﬁmﬂlme”‘;hﬂﬁm‘ TR 'IE“I“"%M%»EL *%;sun*a“

z-coordinate (cm)
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TLD results chon

® Separated contribution of beam losses
from collisions using luminosity monitor
and Beam Loss Monitor.

® Mapping of radiation field was possible
Interpolating points and assuming power
law in R (distance from the beam line).

x {cm)

{(ped) ssoq

20

45

8 40 Collisions
:g 35 = SVX space tube (r=17_.7cm) 0
% 30 + |SL space tube (r=34.7cm)
g o5 I p-Loss Scale Uncertainty
o
S 20 : SVX spacetube
2 15 _ Rl :
3 10 L = £ b E
5 § Junction Cards Junction Cards §
0 2 ISL spacetub 4
-200 -150 -100 -50 0 50 100 150 200 E . n—'-:

Z(ecm) 40

coT

-200 -150 -100 -50 0 50 100 150 200
z (cm)
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Comparison of methods et

® Converting radiation dose to fluence
with 3.87 -10” MIP/rad and
extrapolating the dosimeter
measurements to 1.66 cm radius (L.-00)
we have an aver age deviation of 10%.

® At present the dependence on radial
distance is 35% different with the two
methods. Systematic effects due to
ladder to |adder temperature variation or
related to the beam (losses, occupancy..) . © . sy so
will be included as soon as we have ¢ (radians)
possibility to disentangle these effects.

th

S
in

* Sil_, data{r = 1.7cm)
— TLD + Model prediction

1 [
h W in e

5]

fluence/ /L dt  (x10™ MIP=/pb "iem?)

=1 -
tn = in

=]

Saverio D’ Auria— Univ. of Glasgow A measurement of the radiation field in the CDF tracking volume PSD6 Leicester, Sept. 9-132002 p. 12



BA

Conclusions g
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Accurate measurement of the radiation field has been performed with small dosimeters.

This measurement was complemented by reverse current measurements in Silicon
detector, although with larger systematic effects.

Dose rate from silicon current is in agreement with what expected: 1.30%101° cm-2/pb-1
at SVX LO.

The results from the two methods are in good agreement, they will be merged, once we
understand better the systematic effects.

Theradial dependenceisless steep than expected.

We may need to move the silicon detector to make it coaxial with the beam.
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Conclusions chon

Suggestion for future S detectors:

Local temperature measurements are vital for high precision current monitoring
Produce very accurate thermal model of modules.

Use high sensitivity, well calibrated nA-meter in power supply, if possible.
Use TLD in commissioning stage

Use reference diodes and temperature probes to be read-out for radiation
measurements

Work in progress:
® Analysisof reference diode data,

Investigation of systematic effects in current monitoring:

» Temperature variations
» Temperatureinhomogeneities

Calibration of TLD at very high dose.
Extend the study to layers equipped with low sensitivity nA-meters.
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